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Diverse m icrobial com m unities 
drive biogeochem ical processes
• Genetic and m etabolic diversity:
–  109 bacteria/fungi per gram  soil
– 107 bacteria per m l seawater
• Challenge: integrate m icrobes into m odels
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Exam ple: Soil warm ing m odel
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Explaining ephem eral CO 2 response to 
warm ing (e.g. M elillo et al. 2002)
• Substrate depletion: CO 2 respiration returns 
to control levels because SOC pools are 
depleted
• Therm al adaptation (or acclim ation): 
m icrobial physiological param eters change 
in a way that reduces CO 2 respiration
• Focus on Carbon Use Efficiency
= C assim /C uptake
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W arm ing with constant CUE
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Variable CUE elim inates C 
losses!
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Acclim ation of CUE restores 
losses
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W hen m ight we need to m odel 
m icrobial com m unities explicitly?
Taxon­specific contribution to process rate 
changes with disturbance
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How do we aggregate taxa in 
m icrobial com m unities?
• Total biom ass or 
im plicit biom ass 
(e.g. k­values)
• Based on phylogeny
• Based on functional 
traits
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A lesson from  dynam ic vegetation 
m odels
• DGVM s incorporate plant functional types
• Aggregation based on leaf traits, growth 
form , and phenology
• E.g. “deciduous broadleaf trees”
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Taxonom ic aggregation
Processes may be 
broad or narrow 
(Schimel, 1995).
Many versus few 
microbial groups 
contribute.
Allison and Martiny 2008
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Trait­based aggregation also 
possible (e.g. Moorhead and Sinsabaugh 2006)
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M odels of m icrobial processes 
across scales
• Single­cell enzyme foraging and uptake: Vetter et al. 1998
• Population/simple comm unity at ~100 micron scale: 
Allison 2005
• Ecosystem to global scale: CENTURY
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Spatial aggregation hypothesis
Model Aggregation
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Research needs
• Explicit m odeling of m icrobial com m unities
• Data on m icrobial physiological param eters 
and distribution across taxa
– Isolation and m anipulation
– Functional gene distributions
• M easurem ents of processes across scales
• Questions?
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